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A d e s c r i p t i o n  i s  given of t h e  Air lock Module Coolanol-15 

loop and i t s  c u r r e n t  o p e r a t i o n a l  modes, from pre-launch through 

o r b i t  s to rage .  The coo lan t  loop provides  t h e  means of t r a n s f e r r i n g  

t h e  Skylab i n t e r n a l l y  genera ted  waste h e a t  t o  space.  Coolanol-15, 

t h e  working f l u i d  of t h e  coo lan t  loop, has  been i d e n t i f i e d  as a 

p o t e n t i a l  f lammabil i ty  hazard.  This memorandum d e s c r i b e s  t h e  cir- 

c u i t i n g  of Coolanol-15 f o r  t h e  va r ious  o p e r a t i o n a l  modes of t h e  

Air lock Module Thermal Cont ro l  System. 
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FROM: D. G.  M i l l e r  

MEMORANDUM FOR FILE 

I. INTRODUCTION 

The A i r l o c k  Module (AM) coo lan t  loop provides  active 
t h e r m a l  c o n t r o l  f o r  t h e  Skylab. Coolanol-15, t h e  working f l u i d  
of t h e  c o o l a n t  loop, has  been i d e n t i f i e d  as a p o t e n t i a l  flamma- 
b i l i t y  hazard.  P o s s i b i l i t i e s  f o r  e l i m i n a t i n g  t h i s  p o t e n t i a l  
hazard are d i scussed  i n  Reference 1. 

T h e  purpose of t h i s  memorandum i s  t o  provide back- 
ground on t h e  use of Coolanol-15 i n  t h e  c u r r e n t  AM system by 
d e s c r i b i n g  t h e  c i r c u i t i n g  of t h e  Coolanol-15 and t h e  o p e r a t i o n a l  
modes of t h e  system dur ing  v a r i o u s  mission phases.  

The AM coo lan t  system c o n s i s t s  of t w o  s e p a r a t e ,  p a r a l -  
l e l  (primary and secondary) loops provided f o r  redundancy. These 
loops i n d i v i d u a l l y  o r  t o g e t h e r  remove waste heat from t h e  EVA/IVA 
s u i t  coo l ing  module, condensing h e a t  exchangers,  cab in  h e a t  ex- 
changers ,  t a p e  r eco rde r s ,  cold p l a t e s ,  oxygen heat  exchanger, 
c o n t r o l  and d i s p l a y  (C&D) pane l  heat  exchanger, pump module, bat- 
t e r y  modules and e l e c t r o n i c  modules. The waste heat i s  r e j e c t e d  
t o  space by r a d i a t o r s  and a thermal c a p a c i t o r  l oca t ed  on t h e  out- 
side of  t h e  Mul t ip l e  Docking Adapter (MDA) and t h e  S t r u c t u r a l  
T r a n s i t i o n  Sec t ion  (STS) of t h e  AM. 

The Coolanol-15 loop has t h e  f l e x i b i l i t y  t o  provide 
coo l ing  throughout t h e  mission from pre-launch through o r b i t  
s to rage .  The va r ious  phases of  t h e  mission are broken down as: 

1. Pre-launch 

2 .  Launch 

3 .  Predocking 

t 

1 

4. C r e w  Entry 

5. Normal O r b i t  Operation 

6.  Storage 
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The coolan t  loop ope ra t ion  i s  desc r ibed  f o r  these mission phases i n  
many documents l i s t e d  i n  t h e  b ib l iography.  The information i n  these  
documents was reviewed and appears  t o  be c o n s i s t e n t .  The m a j o r i t y  
of t h e  in format ion  concerning phases 1 through 4 was found i n  t h e  
"Systems Operat ing Procedures,  Volume 11" . I 5  The normal o r b i t a l  
ope ra t ion  (phase 5 )  was determined from d a t a  presented  i n  r e f e r e n c e s  
8 and 1 6 .  N o  s i n g l e  r e fe rence  w a s  found which s p e c i f i c a l l y  desc r ibed  
t h e  s t o r a g e  phase; i t e m s  which r e q u i r e  cool ing  dur ing  s t o r a g e  a r e  
t a b u l a t e d  i n  r e fe rence  9 .  

11. COOLANOL-15 LOOP DESCRIPTION 

F igure  1 shows t h e  c u r r e n t  coo lan t  system. The r a d i a t o r  i s  
shown as a b i f i l a r  c i r c u i t  (each coo lan t  loop s p l i t  i n t o  two p a r a l l e l  
pas ses )  w i th  manual s e l e c t o r  on-off va lves  c o n t r o l l i n g  t h e  primary 
and secondary loops.  A t  t h e  o u t l e t  of t h e  r a d i a t o r  t h e  Coolanol-15 
e n t e r s  t h e  thermal  c a p a c i t o r ,  which i s  charged w i t h  t r i d e c a n e  wax. 
The c a p a c i t o r  s t o r e s  h e a t  on t h e  sun s i d e  of t h e  o r b i t  and rejects 
h e a t  on t h e  dark s i d e  us ing  t h e  wax thermal  c a p a c i t y  and l i q u i d - s o l i d  
phase change. Heat i s  t r a n s f e r e d  between t h e  c o o l a n t  and t h e  wax t o  
provide a moderated c o l d  temperature  f o r  t h e  c o o l a n t  c i r c u i t .  

Downstream of t h e  c a p a c i t o r  t h e  c o o l a n t  e n t e r s  t h e  EVA/IVA 
s u i t  coo l ing  module. Here t h e  coo lan t  temperature  i s  c o n t r o l l e d  by 
a temperature  c o n t r o l  va lve  (TCV) which i s  manually se t  f o r  40°F a t  
both normal ope ra t ion  and f o r  EVA/IVA. The TCV appor t ions  t h e  c o o l a n t  
' u s t  upstream of t h e  r a d i a t o r .  The h e a t  exchange i n  t h e  s u i t  loop i s  be- 

zween t h e  Coolanol-15 and A s  
shown i n  F igu re  1, t h e  coo lan t  f i r s t  e n t e r s  a three pass  counterf low 
h e a t  exchanger ( 2  pass  coo lan t  t o  1 pass  water) and connects  i n  series 
t o  a t w o  pass  counterf low h e a t  exchanger (1 pass  coo lan t ,  1 pass  w a t e r ) .  
This unique arrangement of h e a t  exchangers r e l a t i v e  t o  t h e  TCV p reven t s  
w a t e r  f r e e z i n g  problems. 

From t h e  s u i t  cool ing  module t h e  Coolanol-15 goes t o  t h e  con- 

t h e  w a t e r  i n  t h e  s u i t  cool ing  module. 

densing h e a t  exchangers.  Each molecular  s i e v e  has  two condensing h e a t  ex- 
changers,  c o n t r o l l e d  by manually opera ted  c o o l a n t  va lves  and a i r  
compressors. The condensing h e a t  exchangers provide f o r  water  removal 
c o n t r o l  i n  t h e  v e h i c l e  by means of h e a t  exchange between t h e  cab in  a i r /  
water  vapor and t h e  coo lan t .  

cab in  h e a t  exchangers shown j u s t  downstream of t h e  condensing h e a t  
exchangers. H e a t  t r a n s f e r  i n  t h i s  case i s  from t h e  cabin  a i r  ( f an  
powered) t o  t h e  coolan t .  There i s  no i n d i v i d u a l  c o n t r o l  of c o o l a n t  

Cooling of t h e  Skylab workshop ( W S )  i s  provided by t h e  f o u r  
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flow, i .e.  whatever l eaves  t h e  condensing h e a t  exchangers passes  
through t h e  a f t  h e a t  exchangers i n  p a r a l l e l .  A f t  h e a t  exchanger 
ope ra t ion  i s  c o n t r o l l e d  by a thermal  c o n t r o l l e r  l oca t ed  i n  t h e  
WS which senses  atmosphere temperature .  Each a f t  h e a t  exchanger 
has a f an  and an a i r  va lve ,  which are s e l e c t e d  by t h e  WS thermal  
c o n t r o l l e r  l o g i c .  

From t h e  a f t  cab in  h e a t  exchangers,  t h e  c o o l a n t  flows 
t o  t h e  t h r e e  STS h e a t  exchangers,  t w o  of which a r e  c o n t r o l l e d  by 
manual on-off va lves .  The STS h e a t  exchangers provide atmosphere 
coo l ing  fo r  t h e  AM/MDA by means of h e a t  t r a n s f e r  from t h e  cabin  
a i r  ( f an  powered) t o  t h e  coo lan t .  

Downstream of t h e  STS h e a t  exchangers t h e  t a p e  r eco rde r s  
are c o l d  p l a t e d  t o  t h e  coo lan t  l i n e  and downstream of t h e  t a p e  re- 
co rde r s  i s  t h e  C&D panel  h e a t  exchanger. Water from t h e  C&D panel 
loop i s  cooled by t h e  AM coo lan t  loop a t  t h e  ATM water pump module 
shown i n  F igure  1. Also wi th in  t h i s  module, oxygen f o r  EVA or 
i n i t i a l  p r e s s u r i z a t i o n  of t h e  c l u s t e r  i s  tempera ture-cont ro l led  by 
h e a t  exchange wi th  Coolanol-15 a t  t h e  O2 h e a t  exchanger. 

p l a t e s ,  c o n t r o l l e d  by e i g h t  meter ing va lves ,  co ld  p l a t e d  e l e c t r o n i c s ,  
and f i n a l l y  t h e  coo lan t  r e s e r v o i r  module con ta in ing  e i g h t  Gemini-type 
Coolanol-15 r e s e r v o i r s .  

A f t e r  t h e  ATM w a t e r  pump module are t h e  b a t t e r y  cold 

From t h e  reservoirs, t h e  flow e n t e r s  t h e  coo lan t  pump 
module. Each loop has  a pump package con ta in ing  t h r e e  coo lan t  pump/ 
motor u n i t s .  The pump motors are powered wi th  s e p a r a t e  power sup- 
p l i e s .  The pumps a r e  a c t i v a t e d  by a manual switch: one pump i n  t h e  
primary loop can be tu rned  on by DCS command. From t h e  pumps t h e  
flow e n t e r s  a s e l e c t o r  va lve  which al lows t h e  flow e i t h e r  t o  pas s  t o  
t h e  radiator  or  t o  bypass t o  a ground c o o l i n g  h e a t  exchanger .  

111. COOLANOL-15 LOOP MODES OF OPERATION 

Coolanol-15 loop ope ra t ion  i s  desc r ibed  below accord ing  t o  
t h e  va r ious  mission phases.  

15 1. Prelaunch 

For prelaunch ope ra t ion  one pump i s  tu rned  on t o  provide  
flow only i n  t h e  primary c i r c u i t .  The flow i s  c o n t r o l l e d  by t h e  
selector va lve  t o  bypass t h e  r a d i a t o r  c i r c u i t .  Waste h e a t  from t h e  
AM equipment opera ted  dur ing  prelaunch i s  r e j e c t e d  by a ground cool- 
i n g  h e a t  exchanger shown i n  F igu re  1. Heat t r a n s f e r  i n  t h i s  mode of 
ope ra t ion  i s  between t h e  coo lan t  and t h e  water i n  t h e  ground coo l ing  
h e a t  exchanger. 
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15 2 .  Launch 

A t  umbi l i ca l  s e p a r a t i o n ,  t h e  coo lan t  pump i n  t h e  
primary loop i s  of f  and t h e  r a d i a t o r  flow f o r  t h e  primary loop 
i s  set  normal. Normal s e t t i n g  al lows f l o w  through t h e  loop and 
r a d i a t o r ,  b u t  t h e  pump i s  o f f  and there i s  no coo lan t  flow. 

15 3 .  Predocking 

A t  T + 1 0  minutes one coo lan t  pump i n  t h e  primary loop 
i s  turned on by DCS commana. Primary coo lan t  loop f l o w  i s  used 
t o  provide cool ing  f o r  AM e l e c t r o n i c s  p r i o r  t o  c r e w  e n t r y .  

15 4 .  C r e w  Entry 

The r a d i a t o r  flow i n  t h e  primary and secondary loops 
i s  s e t  normal .  Two primary pumps a r e  on; t h e  t h i r d  primary pump 
and a l l  secondary pumps are o f f .  Two STS h e a t  exchanger va lves  
are s e t  open and, s i n c e  there i s  no va lve  on t h e  t h i r d  hea t  ex- 
changer,  a l l  three STS hea t  exchangers have coo lan t  f l o w  and can 
be a c t i v a t e d  by t u r n i n g  on t h e  f a n s .  

5. N o r m a l  O r b i t  Operat ion 

The normal o r b i t  ope ra t ion  i s  described i n  t e r m s  of 
t h e  extremes of coo lan t  loop ope ra t ion  for  maximum waste heat  
removal ( H o t  C a s e )  and minimum waste heat removal (Cold Case), 
and for  in t e rmed ia t e  cases. A d d i t i o n a l l y , t h e  EVA/IVA coo lan t  
loop ope ra t ion  i s  described. 

Hot Case f o r  the Workshop 

Two coo lan t  loops are opera ted  w i t h  one pump on i n  each 

Cons t r a in t s  on d u r a t i o n  f o r  t w o  pumps p e r  loop 
loop. Two pumps may be tu rned  on i n  each loop du r ing  p o r t i o n s  of 
the  mission. l6 
opera t ion  have no t  been i d e n t i f i e d .  

Two condensing heat  exchangers,  three STS h e a t  ex- 
changers  and fou r  a f t  heat exchangers are ope ra t ing .  

8 Hot Case f o r  t h e  AM/MDA 

Two coo lan t  loops are o p e r a t i n g  w i t h  one. pump on i n  each 
loop. Two condensing hea t  exchangers and three STS heat exchangers 
are on. Coolant f lows through the fou r  a f t  h e a t  exchangers,  b u t  
t h e  f ans  c o n t r o l l i n g  the  a i r  through t h e  heat  exchangers are turned  
off  and t h e  a i r  va lves  are c losed ,  which e s s e n t i a l l y  e l i m i n a t e s  
heat t r a n s f e r  . 
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8 Cold C a s e  

One c o o l a n t  loop is  on, powered by one pump. Coolant flow 
i s  s h u t  o f f  i n  two STS hea t  exchangers,  and t h e  remaining STS h e a t  
exchanger bypasses f l o w  of t h e  coo lan t  c i r c u i t .  Two STS f ans  are on 
for  gas  c i r c u l a t i o n .  Coolant f lows through t h e  f o u r  a f t  h e a t  ex- 
changers,  b u t  t h e  f ans  are o f f  and t h e  a i r  va lves  are c losed .  One 
condensing heat  exchanger i s  on. 

AM EVA/IVA~ 

Two coo lan t  loops are ope ra t ing  wi th  one pump p e r  loop. 
One condensing hea t  exchanger i s  on and t h r e e  STS h e a t  exchangers 
a r e  ope ra t ing .  The f o u r  a f t  h e a t  exchangers c a r r y  f u l l  c o o l a n t  flow, 
b u t  t h e  f a n s  are o f f  and t h e  a i r  va lves  are c losed .  

6 .  S torage  

During s t o r a g e ,  coo l ing  must be provided f o r  t h e  pump 
module and AM e l e c t r o n i c s ,  which inc lude  t h e  b a t t e r y  module and t a p e  
recorders . ’  One coo lan t  loop powered by one pump meets t h i s  s t o r a g e  
requirement.  

IV. COOLANOL-15 LOOP CONTINGENCY 

The coo lan t  loop i s  provided w i t h  component redundancy and 
can be opera ted  i n  modes o t h e r  than  t h e  ones descr ibed .  There are 
f o u r  condensing heat exchangers which are c o n t r o l l e d  by e i g h t  manual 
on-off va lves .  S ix  coo lan t  pumps can be manually switched into t h e  
coo lan t  loops on s e p a r a t e  power s u p p l i e s .  Contingency ope ra t ion  
occurs  dur ing  component f a i l u r e  o r  s p e c i a l  emergency s i t u a t i o n s .  It 
i s  beyond t h e  scope of t h i s  memorandum t o  d i s c u s s  contingency opera- 
t i o n ;  detailed information on t h e  AM coolant loop f a i l u r e  m o d e s  and 
contingency ope ra t ion  can be found i n  Reference 1 7 .  

1 0 2 2 - D G M - t l a  D. G.  M i l l e r  
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